Abstract: Oral cancer is the cancerous tissue growth located in the oral cavity. It may arise as a primary lesion originating in any of the oral tissues, by metastasis from a distant site of origin, or by extension from a neighboring anatomic structure, such as the nasal cavity or the maxillary sinus. Smoking and other tobacco use are associated with about 75 percent of oral cancer cases. Alcohol use is another high-risk activity associated with oral cancer. Infection with human papillomavirus (HPV), particularly type 16 (there are over 120 types), is a known risk factor and independent causative factor for oral cancer. Oncogenes, gain-of-function mutations of highly regulated normal cellular counterparts (proto-oncogenes), are likely involved in the initiation and progression of oral neoplasia. Cellular oncogenes were initially discovered by the ability of tumor cell DNA to induce transformation in gene transfer assays. Mechanisms of activation of these cellular oncogenes include point mutations and DNA re-arrangements. Several of these cellular oncogenes are homologs of retroviral oncogenes (e.g., the ras genes); others are new oncogenes. Tumor suppressor genes or anti-oncogenes have been documented to confer potent negative regulatory controls which are lost due to chromosomal alterations during tumor formation. Functional loss of multiple tumor suppressor genes is believed to be the major event leading to the development of malignancy. Treatment is done till date with the help of radiation therapy, considering the removal of tumor which proceeds with the surgery. Chemotherapy is also used but not to a wide extent and that too has to be done with radiation and research work is still going on the drug discovery for this disease, hence looking towards this fact we opted for the work in this area looking into the successful way of the treatment for oral cancer. The present review is compilation of the data pertaining to biochemistry and molecular biology of oral carcinoma and would certainly provide new insights to explore the development of nutraceuticals based on the hypothesis projected by future studies on computational biotechnology of oral carcinoma.
INTRODUCTION
Oral cancer or Oral cavity cancer, a subtype of head and neck cancer, is any cancerous tissue growth located in the oral cavity. It may arise as a primary lesion originating in any of the oral tissues, by metastasis from a distant site of origin, or by extension from a neighboring anatomic structure, such as the nasal cavity or the maxillary sinus. Oral cancers may originate in any of the tissues of the mouth, and may be of varied histologic types: teratoma, adenocarcinoma derived from a major or minor salivary gland, lymphoma from tonsillar or other lymphoid tissue, or melanoma from the pigment producing cells of the oral mucosa. Far and away the most common oral cancer is squamous cell carcinoma, originating in the tissues that line the mouth and lips. Oral or mouth cancer most commonly involves the tissue of cigarettes, cigars, and pipes. Tobacco contains over 19 known carcinogens, and the combustion of it, and by products from this process, is the primary mode of involvement. Use of chewing tobacco or snuff causes irritation from direct contact with the mucous membrane.
Alcohol
Alcohol use is another high-risk factor associated with oral cancer. There is known to be a strong synergistic effect on oral cancer risk when a person is both a heavy smoker and drinker. Their risk is greatly increased compared to a heavy smoker, or a heavy drinker alone. Recent studies, in Australia, Brazil and Germany, point to alcohol-containing mouthwashes as also being etiologic agents in the oral cancer risk family. Constant exposure to these alcohol containing rinses, even in the absence of smoking and drinking, lead to significant increases in the development of oral cancer.
Human Papillomavirus
Infection with human papillomavirus (HPV), particularly type 16 (there are over 120 types), is a known risk factor and independent causative factor for oral cancer. A fast growing segment of those diagnosed do not present the historic stereotypical demographics. Historically that has been people over 50, blacks over whites (use different terms for race; e.g. African American over Caucasians) 2 to 1, males over females 3 to 1, and 75% of the time people who have used tobacco products or are heavy users of alcohol. This new and rapidly growing sub-population between the ages of 20 to 50 years old is predominantly non-smoking, white race individuals, with males slightly outnumbering females. Recent research from Johns Hopkins indicates that HPV is the primary risk factor in this new population of oral cancer patients. HPV16 (along with HPV18) is the same virus responsible for the vast majority of all cervical cancers and is the most common sexually transmitted infection in the US. Oral cancer in this group tends to favor the tonsil and tonsillar pillars, base of the tongue, and the oropharnyx. Recent data suggest that individuals that come to the disease from this particular etiology have a slight survival advantage.
BIOCHEMISTRY AND MOLECULAR BIOLOGY OF ORAL CANCER
Squamous cell carcinoma of oral cavity is one of the most common malignant neoplasms in India. More than 0.4 million cases are appearing every year. The disfiguring effect associated along with significant mortality make the problem more alarming. Oral cancer is the sixth most common cancer for both sexes in the general population, and the third most common cancer in developing nations [6] . About half of the patients afflicted will die within five years of diagnosis, while surviving patients may be left with severe esthetic and/or functional cooperativity. The International Classification of Diseases defines oral cancer as cancer of the oral cavity and pharynx, including cancer of the lip, tongue, salivary glands, gum, floor and other areas of the mouth, oropharynx, nasopharynx, hypopharynx, pharynx, and other buccal areas. Carcinomas account for 96% of all oral cancers, 91% of which are squamous cell carcinomas. The contribution of tobacco and betel quid etc. is already documented as the major cause but recently the role of human papilloma virus (HPV) infection has been suggested by different investigating groups worldwide. Whatever may be the factor(s), reflect the gene(s) probably being associated with cellular growth and differentiation must be affected as cancer in a sense is a genetic disease [7] . Sentence does not make sense.
Oncogenes, gain-of-function mutations of highly regulated normal cellular counterparts (proto-oncogenes), are likely involved in the initiation and progression of oral neoplasia [8] . Cellular oncogenes were initially discovered by the ability of tumor cell DNA to induce transformation in gene transfer assays [9, 10] .These experiments have led to the identification of more than 60 cellular oncogenes [11] . Mechanisms of activation of these cellular oncogenes include point mutations and DNA re-arrangements. Several of these cellular oncogenes are homologs of retroviral oncogenes (e.g., the ras genes.
Tumor suppressor genes or anti-oncogenes have been documented to confer potent negative regulatory controls which are lost due to chromosomal alterations during tumor formation. Functional loss of multiple tumor suppressor genes is believed to be the major event leading to the development of malignancy [12, 13] . Unlike oncogenes, which can effect a cellular change through mutation of only one of the two gene copies, tumor suppressor genes are most often inactivated by point mutations, deletions, and rearrangements in both gene copies in a "two-hit" fashion. To date, only three genes-p53, doc-I, and thrombospondin 1-have exhibited tumor suppressor activity in malignant oral keratinocytes.
The genetic polymorphisms of the three enzymes Glutathione-S-transferase, Glutathione peroxdiase, and Glutathione reductase were significantly monitored in reference to oral carcinoma [14] . There was a significant association between cigarette smoking and cancer risk but no significant association between alcohol consumption and cancer risk. The frequency of the GSTM1 null genotype was significantly higher in cancers (58.7%) compared with controls (46.3%). However, there were no significant differences between controls and patients with oral cavity cancer in the polymorphisms of the GSTT1, GPX and GSR genes. From statistical evaluation on various combinations of genotypes, we did not observe any gene combinations associated with cancer risk. There were also no genetic polymorphisms associated with increased risk of oral cavity cancer among smokers and drinkers [15] . These results revealed that null genotypes of GSTM1 and GSTT1, both individually and in combination, are high penetrance genetic risk factors for developing oral leukoplakia that consequently modulate the risk of developing cancerous oral lesions in habituated BQ/tobacco chewers of Indian ethnicity, thus our work is in regard of computational information of these protein [15] .
Treatment is done with the help of radiation therapy, considering the removal of tumor which proceeds with the surgery. Chemotherapy is also used but not to a wide extent and that too has to be done with radiation and research work is still going on the drug discovery for this disease, hence looking towards this fact we opted for the work in this area looking into the successful way of the treatment for oral cancer [16] .
Bioinformatics plays an important role in the design of the new drug compounds. The input of bio-computing in the drug discovery is done by providing structural information of the protein targets and their biochemical role in the cell, new therapeutic concepts can developed. It helps in understanding the biological or biochemical mechanism of the disease then often suggests the types of molecules needed for new drugs.
Tobacco-Derived Carcinogens are Involved in the Oral Cancer
Oral cancer has been causally associated with chewing of tobacco with or without betel quid (BQ) in India and other Asian countries, whereas in western countries, cigarette smoking and heavy alcohol consumption are the main risk factors [17] . Unlike tobacco smoke, which contains many carcinogenic pyrolysis products, such as polycyclic aromatic hydrocarbons (PAH), aldehydes and nitrosamines [18] , chewing of tobacco with BQ increases exposure to carcinogenic tobacco specific nitrosamines. Furthermore, reactive oxygen species (ROS), implicated in multistage carcinogenesis, are also generated in substantial amounts in the oral cavity during chewing [10, 20] . As an early sign of damage to oral mucosa, BQ/tobacco chewers often develop Leukoplakia and submucous fibrosis, both well established precancerous lesions, and present an important indicator for oral cancer risk.
GLUTATHIONE S-TRANSFERASE M1 AND T1 NULL GENOTYPES AS RISK FACTORS FOR ORAL LEUKOPLAKIA IN ETHNIC INDIAN BETEL QUID/TOBACCO CHEWERS
Molecular epidemiological studies have now provided evidence that individual susceptibility to cancer is mediated by both genetic and environmental factors.. The m (GSTM1) and q (GSTT1) members of the glutathione S-transferase (GST) multigene family are candidate cancer-predisposing genes; they are mostly involved in the detoxification of a wide range of environmental and tobacco carcinogens, endogenously produced ROS and lipid peroxidation products, yielding excretable hydrophilic metabolites. The known substrates for GSTM1 include metabolically generated epoxide intermediates of benzopyrene and other PAHs [21] , whereas the substrates for GSTT1 include alkyl halides, found in cigarette smoke, and lipid peroxides. The null genotypes that are associated with a lack of enzyme function exist at both these loci and their association with smoking-induced cancer has been investigated. Homozygous deletions of GSTM1 have been associated with higher risk of laryngeal, lung, bladder, colon and gastrointestinal cancers [13] [14] [15] [16] [17] . The null genotype of GSTT1 has been reported to be associated with an increased risk of brain [18] and colorectal cancer .The first time a very strong effect of GSTM1 and GSTT1 deletion polymorphisms on the risk of developing oral premalignant lesions and by inference on oral cancer in ethnic Indian BQ/ tobacco chewers.
A highly significantly increased frequency of GSTM1 null genotype in all leukoplakia cases of 81.6%, compared with 17% in controls. Individuals with GSTM1 had a 22-fold higher risk of leukoplakia [22] . The homozygous null genotype GSTT1 was found in 75.5% of cases and in 22% of controls, conferring an 11-fold higher risk. A total of 60.2% of the cases presented homozygous deletion of both GSTT1 and GSTM1, but none was detected among healthy control chewers, revealing a potentiation of risk in subjects with both null genotypes for oral cancer when they chew tobacco. The combined null genotype of both GSTM1 and GSTT1 conferred a highly significant risk for oral leukoplakia when compared with the category of at least copy of the genes present [23] . Thus, the GSTM1 and GSTT1 deletion genotype alone and even more in combination was demonstrated to highly predispose habitual BQ chewers to the development of oral leukoplakia, a precancerous lesion.
The GSTM1gene has been mapped to chromosome 1p13.3 and GSTT1 gene to chromosome 22q11.2. As loss of heterozygosity (LOH) has also been reported in oral cancers on chromosomes 1p11-13 and chromosome 22q13; gene deletion due to LOH on the specific amplicons can at present not be excluded as an additional contributory factor. Studies are underway to verify this possibility [24] . It is suggested that carcinogenic intermediates derived from BQ/ tobacco or generated during habitual chewing are substrates for GSTT1 and GSTM1 enzymes and that oral leukoplakia risk is increased more than additively for individuals who have both GSTT1 and GSTM1 null genotypes [24] .
GST Null Genotype and Antioxidants: Risk for Oral Cancer
The study was undertaken to detect the gene polymorphism of detoxification enzymes and estimate the antioxidant enzyme status in patients with oral cancer, oral leukoplakia and oral submucous fibrosis (OSF). The GSTM1 and GSTT1 gene polymorphism was evaluated using polymerase chain reaction; the antioxidant enzyme was estimated using biochemical methods. Statistical analyses were performed using student t-test and odds-ratio to estimate relative risk (RR). The RR at 95% confidence interval (CI) for GSTM1 and GSTT1 was statistically significant for all groups. The mean values of glutathione were significantly raised in all groups [25] . The mean values of ceruloplasmin and malonaldehyde was statistically significant among cancer and OSF patients but was insignificant in smokers and cases with leukoplakia. Which made to conclude that, Several genes perform the same function which implies the need to test for several genetic polymorphisms to identify individuals at high risk. The level of antioxidant enzymes correlate with the degree of oxidative damage [26] .
Investigation was made those genetic polymorphisms in GSTM1& GSTT1 and the association with the risk of oral cancer in the Jakarta population. A total of 81 cases and 162 controls matched for age and sex were selected from 5 hospitals in Jakarta. Socio demographic data using questionnaires were obtained and peripheral blood samples were collected with informed consent for PCR-RFLP assay [27] . Conditional logistic regression analysis was performed to obtain the association between the risk of oral cancer and GSTM1& GSTT1 polymorphisms. GSTM1 and GSTT1 null were slightly over represented among cases (60.5% and 45.7% respectively) compared to controls (55.6% and 41.4% respectively), but no statistically significant differences were observed. The odds ratio of null GSTM1 and GSTT1 genotypes was slightly higher compared to wild type genotypes [27] .
Data of Different Countries
With further studies we also came to the fact that GSTM1 null genotype significantly increases susceptibility to oral cancer in Asians. Ethnic differences in the prevalence of the GSTM1 null genotypes have been reported to vary between 22-35% in Africans, 38-67% in Caucasians and 33-63% in East Asian populations [10, 28] . The Pacific islanders (Oceania) have the highest reported frequency, GSTM1*2 ranges from 64% to as high as 100% in Kiribati natives [29] . The GSTT1*2 genotype varies from 10-18% in Caucasians [21] [22] [23] to 58% in the Chinese [24] . To our knowledge, this is the first report on the prevalence of these genotypes in an ethnic Indian population and among premalignant leukoplakia cases from India.
THE STUDY OF THE PROTEINS AND LIGANDS OF INTEREST Glutathione s-Transferase
Enzymes of the Glutathione -S -transferase (GST) family are composed of many cytosolic, mitochondrial, and microsomal (now designated as MAPEG) proteins. GSTs are present in eukaryotes and in prokaryotes, where they catalyze a variety of reactions and accept endogenous and xenobiotic substrates [30] .
GSTs can constitute up to 10% of cytosolic protein in some mammalian organs. GSTs catalyse the conjugation of reduced glutathione-via a sulfhydryl group -to electrophilic centers on a wide variety of substrates [31] . This activity detoxifies endogenous compounds such as peroxidised lipids, as well as breakdown of xenobiotics. GSTs may also bind toxins and function as transport proteins, and, therefore, an early term for GSTs was "ligandin". The mammalian GST super-family consists of cytosolic dimeric isoenzymes of 45-55 kDa size that have been assigned to at least four classes: Alpha, Mu , Pi and Theta (Table 1) [31] . Most mammalian isoenzymes have affinity for the substrate 1-chloro-2,4-dinitrobenzene (CDNB), and spectrophotometric assays utilizing this substrate are commonly used to report GST activity. However, some endogenous compounds, e.g., bilirubin, can inhibit the activity of GSTs. In mammals, GST isoforms have cell specific distributions (e.g., alpha GST in hepatocytes and pi GST in the biliary tract of the human liver) [32, 33] .
A family of enzymes that utilizes glutathione in reactions contributing to the transformation of a wide range of compounds, including carcinogens, therapeutic drugs, and products of oxidative stress [32] . These enzymes play a key role in the detoxification of such substances. The glutathione S-transferases act by catalyzing the reaction of glutathione with an acceptor molecule to form an S-substituted glutathione (S = sulfur). See also: Glutathione S-transferase omega-1 [33] .
GST-tags and the GST Pull-Down Assay
Genetic engineers have used glutathione S-transferase to create the GST gene fusion system. This system is used to purify and detect proteins of interest. In a GST gene fusion system, the GST sequence is incorporated into an expression vector alongside the gene sequence encoding the protein of interest. Induction of protein expression from the vector's promoter results in expression of a fusion protein: the protein of interest fused to the GST protein. This GST-fusion protein can then be purified from cells via its high affinity for glutathione [34] .
The fusion proteins offer an important biological assay for direct protein-to-protein interactions. For instance, to demonstrate that caveolin (a membrane protein) binds to eNOS (a catalytic protein) a GST-caveolin fusion protein would be generated. Assay beads, coated with the tripeptide glutathione, strongly bind the GST fusion protein (GSTcaveolin, in this example). It is noted that, if caveolin binds eNOS, then GST-caveolin will also bind eNOS, and this eNOS will therefore be present on assay beads [35] . GST is commonly used to create fusion proteins. The tag has the size of 220 amino acids (roughly 26 KDa), which, compared to other tags like the myc-or the FLAG-tag, is quite big. It is fused to the N-terminus of a protein. However, many commercially-available sources of GST-tagged plasmids include a thrombin domain for cleavage of the GST tag during protein purification [35] .
A GST-tag is often used to separate and purify proteins that contain the GST-fusion. GST-fusion proteins can be produced in Escherichia coli, as recombinant proteins. The GST part binds its substrate, glutathione. Agarose beads can be coated with glutathione, and such glutathione-Agarose beads bind GST-proteins. These beads are then washed, to remove contaminating bacterial proteins. Adding free glutathione to beads that bind purified GST-proteins will release the GST-protein in solution [36] .
Glutathione Peroxidase
Glutathione peroxidase is the general name of an enzyme family with peroxidase activity whose main biological role is to protect the organism from oxidative damage [37] . The biochemical function of glutathione peroxidase is to reduce lipid hydroperoxides to their corresponding alcohols and to reduce free hydrogen peroxide to water.
There are several isozymes encoded by different genes, which vary in celullar location and substrate specificity. Glutathione peroxidase 1 (GPx1) is the most abundant version, found in the cytoplasm of nearly all mammalian tissues, whose preferred substrate is hydrogen peroxide. Glutathione peroxidase 4 (GPx4) has a high preference for lipid hydroperoxides; it is expressed in nearly every mammalian cell, though at much lower levels. Glutathione peroxidase 2 is an intestinal and extracellular enzyme, while glutathione peroxidase 3 is extracellular, especially aboundant in plasma [38] . So far, eight different isoforms of glutathione peroxidase (GPx1-8) have been identified in humans. An example reaction that glutathione peroxidase catalyzes is:
where GSH represents reduced monomeric glutathione, and GS-SG represents glutathione disulfide.
Mammalian GPx1, GPx2, GPx3, and GPx4 have been shown to be selenium-containing enzymes, whereas GPx6 is a selenoprotein in humans with cysteine -containing homologues in rodents. GPx1, GPx2, and GPx3 are homotetrameric proteins, whereas GPx4 has a monomeric structure. As the integrity of the cellular and subcellular membranes depends heavily on glutathione peroxidase, the antioxidative protective system of glutathione peroxidase itself depends heavily on the presence of selenium.
The mechanism is at the Selenocystein site, which is in a Se (-) form as resting state. This is oxidized by the peroxide to SeOH which is then trapped by a GSH molecule to Se-SG and by another GSH molecule to Se(-) again, releasing a GS-SG by-product.
Glutathione Reductase
Glutathione reductase, also known as GSR or GR, is an enzyme that reduces glutathione disulfide (GSSG) to the sulfhydryl form GSH, which is an important cellular antioxidant [39, 40] . For every mole of oxidized glutathione (GSSG), one mole of NADPH is required to reduce GSSG to GSH. The enzyme forms a FAD bound homodimer. The glutathione reductase is conserved between all kingdoms. In bacteria, yeasts, and animals, one glutathione reductase gene is found; however, in plant genomes, two GR genes are encoded. Drosophila and Trypanosomes do not have any GR at all [40] . In these organisms, glutathione reduction is performed by either the thioredoxin or the trypanothione system, respectively.
NADPH reduces FAD present in GSR to produce a transient FADH -anion. This anion then quickly breaks a disulfide bond (Cys 58 -Cys 63 ) and leads to Cys 63 's nucleophilically attacking the nearest sulfide unit in the GSSG molecule (promoted by His 467 ), which creates a mixed disulfide bond (GS-Cys 58 ) and a GS -anion. His 467 of GSR then protonates the GS -anion to form the first GSH. Next, Cys 63 nucleophilically attacks the sulfide of Cys 58 , releasing a GS -anion, which, in turn, picks up a solvent proton and is released from the enzyme, thereby creating the second GSH. So, for every GSSG and NADPH, two reduced GSH molecules are gained, which can again act as antioxidants scavenging reactive oxygen species in the cell [32, 41] . In cells exposed to high levels of oxidative stress, like red blood cells, up to 10% of the glucose consumption may be directed to the pentose phosphate pathway (PPP) for production of the NADPH needed for this reaction. In the case of erythrocytes, if the PPP is non-functional, then the oxidative stress in the cell will lead to cell lysis and anemia. The activity of glutathione reductase is used as indicator for oxidative stress [42] . The activity can be monitored by the NADPH consumption, with absorbance at 340 nm, or the formed GSH can be visualized by Ellman's reagent [43] . Alternatively the activity can be measured using roGFP (redox-sensitive Green Fluorescent Protein) [44] .
LIGANDS OF SIGNIFICANCE Iodoacetamide
2-Iodoacetamide is an alkylating sulfhydryl reagent used for peptide mapping purposes. Its actions are similar to those of iodoacetate. It is commonly used to bind covalently with cysteine, so the protein cannot form disulfide bond [44] . After that reducing agents are added to react with any excess alkylating agent. Also used in ubiquitin studies as an inhibitor of deubiquitinase enzymes (DUBs) because it alkylates the cysteine residues at the DUB active site. In laboratory mice it has been shown to cause skin tumors and negatively affect reproductive ability. It may act as a human carcinogen, and may cause reproductive damage. As far as properties computed from structure are concerned, are shown in Table 2 . Beta Mercaptoethanol 2-Mercaptoethanol (also -mercaptoethanol, BME, 2BME or -met) is the chemical compound with the formula HOCH 2 CH 2 SH. It is a hybrid of ethylene glycol, HOCH 2 CH 2 OH, and 1,2-ethanedithiol, HSCH 2 CH 2 SH. ME or ME, as it is commonly abbreviated, is used to reduce disulfide bonds and can act as a biological antioxidant by scavenging hydroxyl radicals (amongst others) [45] . It is widely used because the hydroxyl group confers solubility in water and lowers the volatility. Due to its diminished vapor pressure, its odour, while unpleasant, is less objectionable than related thiols. ME may be prepared by the action of hydrogen sulfide on ethylene oxide: Some proteins can be denatured by 2-mercaptoethanol via its ability to cleave disulfide bonds: cysS-Scys + 2 HOCH 2 CH 2 SH 2 cysSH + HOCH 2 CH 2 S-SCH 2 CH 2 OH By breaking the S-S bonds, both the tertiary structure and the quaternary structure of some proteins can be disrupted [45] . Because of its ability to disrupt the structure of proteins, it is used in the analysis of proteins, for instance, to ensure that a protein solution contains monomeric protein molecules, instead of disulfide linked dimers or higher order oligomers. 2-Mercaptoethanol is often used interchangeably with dithiothreitol (DTT) or the odorless tris (2-carboxyethyl) phosphine (TCEP) in biological applications. 2-Mercaptoethanol is used in some RNA isolation procedures to eliminate ribonuclease released during cell lysis. Numerous disulfide bonds make ribonucleases very stable enzymes, so 2-mercaptoethanol is used to reduce these disulfide bonds and irreversibly denature the proteins. This prevents them from digesting the RNA during its extraction procedure [45, 46] . 2-Mercaptoethanol is considered a toxin, causing irritation to the nasal passageways and respiratory tract upon inhalation, irritation to the skin, vomiting and stomach pain through ingestion, and potentially death if severe exposure occurs [46] . As far as properties computed from structure are concerned, are shown in Table 3 .
DTT
Dithiothreitol (DTT) is the common name for a smallmolecule redox reagent known as Cleland's reagent [47] . DTT's formula is C 4 H 10 O 2 S 2 and the molecular structure of its reduced form is shown at the right; its oxidized form is a disulfide-bonded 6-membered ring (shown below). Its name derives from the four-carbon sugar, threose. DTT has an epimeric ('sister') compound, dithioerythritol (DTE) [46, 47] .
DTT is an unusually strong reducing agent, owing to its high conformational propensity to form a six-membered ring with an internal disulfide bond. It has a redox potential of -0.33 V at pH 7. The reduction of a typical disulfide bond proceeds by two sequential thiol-disulfide exchange reactions and is illustrated below. The intermediate mixed-disulfide state is unstable (i.e., poorly populated) because the second thiol of DTT has a high propensity to close the ring, forming oxidized DTT and leaving behind a reduced disulfide bond. The reducing power of DTT is limited to pH values above ~7, since only the negatively charged thiolate form -S -is reactive (the protonated thiol form -SH is not); the pKa of the thiol groups is 9.2 and 10.1. A common use of DTT is as a reducing or "deprotecting" agent for thiolated DNA. The terminal sulfur atoms of thiolated DNA have a tendency to form dimers in solution, especially in the presence of oxygen. Dimerization greatly lowers the efficiency of subsequent coupling reactions such as DNA immobilization on gold in biosensors [47] . Typically DTT is mixed with a DNA solution and allowed to react, and then is removed by filtration (for the solid catalyst) or by chromatography (for the liquid form). The DTT removal procedure is often called "desalting." DTT is frequently used to reduce the disulfide bonds of proteins and, more generally, to prevent intramolecular and intermolecular disulfide bonds from forming between cysteine residues of proteins. However, even DTT cannot reduce buried (solvent-inaccessible) disulfide bonds, so reduction of disulfide bonds is sometimes carried out under denaturing conditions (e.g., at high temperatures, or in the presence of a strong denaturant such as 6 M guanidinium hydrochloride, 8 M urea, or 1% sodium dodecylsulfate). Conversely, the solvent exposure of different disulfide bonds can be assayed by their rate of reduction in the presence of DTT. DTT can also be used as an oxidizing agent. Its principal advantage is that effectively no mixed-disulfide species are populated, in contrast to other agents such as glutathione. In very rare cases, a DTT adduct may be formed, i.e., the two sulfur atoms of DTT may form disulfide bonds to different sulfur atoms; in such cases, DTT cannot cyclize since it has no remaining free thiols. Due to air oxidation, DTT is a relatively unstable compound whose useful life can be extended by refrigeration and handling in an inert atmosphere. Since protonated sulfurs have lowered nucleophilicities, DTT becomes less potent as the pH lowers. Tris (2-carboxyethyl) phosphine HCl (TCEP hydrochloride) is an alternative which is more stable and works even at low pH [47, 48] . As far as properties computed from structure are concerned, are shown in Table 4 . 
CONCLUDING REMARKS
Conclusively, the present review aims to compile and update the informations available pertaining to the biochemical and molecular mechanisms of oral carcinogenesis and explore the future perspectives where the field of Cancer Biology is reflecting ventures. The prevalence and mortality due to one of the multifactorial polygenic diseases, namely oral cancer vary depending upon genetic susceptibility and environmental precursors because they have identifiable mendelian subsets [10] . Rapid changes in diet and lifestyle, may influence heritability of the variant phenotypes that are dependent on the nutraceutical or functional food supplementation for their expression. It is possible to recognize the interaction of specific nutraceuticals, with the genetic code possessed by all nucleated cells. There is evidence that South Asians have an increased susceptibility to oral cancer even at younger age, which may be due to interaction of gene and nutraceutical environment. Oncologists have straightforwardly followed the old saying that: necessity is the principal mother of an invention [40, [47] [48] [49] . The desire to be more precise and comprehensive in their studies has led to the invention of some of the most innovative techniques such as proteomics, comparative genomic hybridization, microar-rays, nanobiotechnology etc. A number of Biotech companies and Cancer laboratories are on the way to hunt for anticancer drugs and biochemical/molecular markers for diagnose and check cancers. These innovative approaches and the modern oncologists have made the efforts in this specific field with exciting results and have provided the hope, which ultimately leads towards the combat against carcinoma would be winning over. Finally, the compilation of the literature embodied in this review provides new insights into further exploring to identify suitable biochemical and/or molecular markers for the early detection of pre-neoplastic lesions, as well as novel targets for its pharmacological intervention employing bioinformatics based modern biotechnological tools.
